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ig. 3 is a side elevation of the jig as shown 
in Fig. 2. 
Fig. 4 is a detuiled isometric drawing of two 
of the brushes used in the jg, and of their sup- 
porting means. 
Fig. 5 is a cross-section taken on line S--S of 
Fig. 6 is  plan view that shows the mounting 
of one of the mandrets that hold the armatures 
in the jig. 10 
tig. 7 is a ch-cuit diagram of the instrumenta- 
tion network. 
Fig. 8 is a diagram of a commutator oriented 
differently with respect to the brushes of my 
device than in Fig. 7. 15 
Fig. 9 shows a modification of u portion of the 
circuits shown in Fig. 7. 
Fig. 10 is a diagram of an alternative circuit 
thaç may be used with my jig, or for other im- 
pedance comparisons. 20 
Fig. 11 shows another alternative circuit. 
It has long been common practice fo test one 
or more armature or field coils by placing their 
terminals, or the commutator segments to 
which they are attached, across a source of elec- 25 
trical power. Such a test readily indicates an 
open circuit or  serious "short." Snilar tests 
have been used to locate a grounded coit by man- 
ually making appropriate electrical connections 
to the arnature frame and to one commutator S0 
segment. Such tests merely indicate whether 
the circuit is complete. By carrying similar 
tests a step further, the resistance of the circuit 
can be measured, and any unusual decrease of 
resistance may indicate, say, a shorted coil, and S5 
any abnormal increase of resistance may indicate 
that too much wire is somehow distributed in 
the circuit. Such a test, however, could not pos- 
sibly indicate the nature of the winding error. 
The present invention goes much further than 40 
any such method of testing, and is based upon 
comparing the impedance of one or more coils 
with that of another coil or coils. 
Inasmuch as the awkwardness of holding the 
armature bas contributed fo the difficulty and 45 
time-comsuming nature of armature coil tests, 
my invention comprises a special jig suitable for 
holding all armatures within a wide range of 
sizes. This jig includes means for making all 
the necessary contacts with the commutator and 5O 
provides atso for various other conveniences tha 
will be discussed in detail as the structure is 
described. 
The jig comprises four main parts: a housing 
A that supports and encompasses the various 5 
brushes, two relatively movabte members B! and 
B2 that carry mandrels K! and K2 respectively, 
and a base D. 
In the embodiment that I prefer, the housing 
comprises a side member E of circular shape at 6O 
the top and partially supported by an integral 
depending portion F attached to the base D. 
Member E has a central hole to permit one end 
of an armature to pass therethrough when the 
armature shaft is pivoted on mandrels K! and 65 
I2. A back wall G extends straight up from 
the rear of the base as far as the circular portion 
of member E, and its upper part is curved to form 
a partial cylinder having substantially the same 
radius as the circular portion of the end member 70 
E. The back wall G is transverse to member E, 
and one edge of the curved portion is attached 
to the periphery oï the circular part of the end 
plece E. A closure H, having the saine radius 
of curvature as the curved portion of the back 75 

wall G, is attached fo the upper end of the back 
wall by hinge J. The free end of the ctosure 
straighted to conform fo the outtines of the 
lower portion 1, of member E, and it carries an 
operating knob 78 having infernal threads in 
screw-threaded engagement with the reduced 
threaded end of a shank L which is integral with 
ball 78. When the closure member is in the 
closed position, the ball 7. is yieldingly hetd by 
the resilient detent !84, attached ai its center 
back-portion to the base D. 
The mandrel-carrying member B! is mounted 
on a carriage N, which carries two L-shaped 
pieces a and b that extend around and under 
the base to serve as ways when the carriage is 
moved longitudinally of the base. The mandrel- 
carrying member B2 is similarly mounted on a 
carriage N2 having two similar L-shaped ways, 
the forward one of which b' may be seen in Fig. 
1. lYIandrel K, adapted to hold one end of a 
motor armature that is furthest from the 
commutator, is pressed on otherwise firmly at- 
tached to the mandrel-carrying member 
Mandrel K2 has a reduced shank v that is stid- 
ably mounted in the mandrel-support B2. 
tween the support B2 and the shoulder d, Fig. 6, 
the shank v of mandrel K2 is surrounded by a 
compression spring 8{} to urge this mandret to- 
ward the other. A pin Q extends through the 
shank e on the side of support B2 opposite from 
spring 88. An operating handle W, curved sub- 
stantially as shown, is slotted intermediate its 
ends to straddle the portion of shank v that lies 
between pin Q and the mandrel support 
The lower end of handle W is pivoted on post T, 
rigidly attached to support 
A centrally apertured disc $8, formed of in- 
sulating material, is mounted on the inside of 
end wall E. Two concentric insulating rings 22 
and 25 are attached to discs E and S8 by means 
of screws 2, the heads of which overhang the 
respective strips in whlch they are placed. 
These arcuate strips and screw heads together 
form ways for slidably mounting two arcuate 
sulating supports 2S and 2 on opposite sides of 
the center hotes in discs E and SS. Two posts, 
27 and 28, are rotatably mounted on arcuate 
supports 26 and 2 respectively. One end of a 
bar 28 is rigidly attached fo post 27, and another 
bar 38 is simila-rly anchored to post 8. Blocks 
! and 2, disposed intermediate the ends of 
bars 29 and 8 respectively, are integral with 
these bars. The tapered brush 8 has two holes 
therein, one of which is threaded. The un- 
tapped hole is adapted to receive the free end of 
bar 29. /n adjusting screw $ is threaded 
through the other hole in brush $4 and then 
through a clearance hole in block $. The end 
of screw $S passes through a hole in post 27 that 
is large enough fo clear the threads of the ad- 
usting screw. Nuts 87 and 8, soldered or wetd- 
ed fo screw $6, are disposed on opposite sides of 
post 7 so that the screw is restrained agalnst 
longitudinal movement while turning. Brush 
$ is mounted in the saine manner as brush , 
and bas an adjusting screw $9 in threaded en- 
gagement with the brush, the end of screw $9 be- 
ing rotatabty supported in post 2{}. Block $ has 
a clearance hole therein fo assist in holding the 
screw in place. 
A third post 8 is mounted directly on the 
sulating disc 8. On this post is pivoted an arm 
! (shown in some detail in Fig. 4) made of 
Bakelite or other appropriate insulating 
terial. Brush 2 ls directly mounted on the end 



b am4-1 by me:ans of ci'ews 4. Bmsh 
bbmp0set o a Condcting haif-4 ad a 0n- 
ffon«dcig dif .4, both terminating in a sgle 
kne edge .6 to pêVënt the dhorting o djtning 
buator bars. Another identicS1 bsh 
athe 0 a gpring ember 8, the cnducting 
a] 9 bëin:g sldered 0r Welded rb the pring 
ë and he 0n-0ndUcting hall 50 beg 
Cèed to the CnduCi-ng or etgl prtïo 9. 
Th obsitë end of sring 
bnbhucting :a 41 bY 
nd â. Bëtn ëse semws .and b-gh-; the 
ïg is p0Yide 
îly fi Sh0Wh fn g. 4. A blok 
by srës .S, ds transVrél aëross 
4:1 bèCn thé :10op 5' -an 'të Ushés, t'e r 
ibh bSe the rin- 48 bîh eat .wgy  -për- 
t he fèe èhd  :thWSig o. :flx s Well S 
b 6çe Iongfdi}I 
 Uting sereW ]  hrè:ded-throh blok 
o e-d causes brush ] 'ço more :OUçWarly 
heneVër .screw ] is Ibosêned, but hên ït .is 
ned so that ït moves long:tudalIy towrd he 
lo0, he b}sh is caused to .more :back-. Scew 
:]  ërmïts brush 
:SiUg-9, 60 hd 
ad  ësectivély, .re rOriaely chored 
a :e:r bth}r ëas 'o the non-condUctg mem- 
bes:, 26 :nd 58 :reseetively. ee srings 
é :tb Y:Idîugly hold he brUshes in Contact 
th th-é commuttor 0f the rmure WSen it is 
ivoted bëWeeh .mandrels P and P2. 
 Pts6, 6 and 6" are mounted onthe rotatable 
hOh-C0cfing members 2, 26 and 8 resec- 
i:kêly. heS ngs serve o yieldingly hold 
the brses i-n cOntact ith the commutator of 
hé matare hen if is pivoted between mandre:s 
PI :d P2. 
PgSts 62-, 63 ai:d .6, mb:ted on the ïrOable 
hbn«c0hddting dc 2, seeo ngge rms 
30 .i:d- reectively and :more .te bruses 
y .ro the eommutator as :the closare .H 
is .?ised. -is .is ëffCted h-rouh Clockse ro- 
ti0n :0} diSe 2-  Which one 
:v0d, he other end-of th link being ivoted 
 to:ëèt:6 attached fo he-êlosure .:. en- 
ëver e lid is raised, the brushes arè thus out 
0f h y, ërmitg armatures tobe lacëd in 
the ]Ig and removed Without interference. 
 tre is laced in the ]ig in-he follow- 
ig manner. :rSt, the oerator mt mae 
rb thatthe-mandrëlcarryg s0rts :B and 
2 are _positiOned so that the commutt0r :is 
iSoed in roer rlationshi tO e 'bshes 
ioEso hat the distàne between the ends of he 
an-rels K -and K2 is s:ightly less tha the 
lëngth of the armature shafk If the mandre 
?e 0t already suitbly osiioned, they my be 
ovëd i:d re-ositioned. This 
iêàgih ètïs?ews Whiëhormal:Y bar on the 
be- ad tighten the four Lshaed mëBers 
y bWm0vèdlenthwise of hebae, 
m:tin he mad?èls o be reositioued and 
Sae according o :the reqUirements :juS men- 
tïoned. The tightening of the set=screws in 
"eaia'ges N nd N2 will anchor the-carriages 
in the new oeitions o which they bave .-been 
djUSd. :lU-w be asumed for :the .resent 
a the =c0ils -P and P2 n h}ir 
tf.aOta laer  :be :dëcbed in ëdnnêCti0n 

Wih the circuits), are-,lar .enough back tobe tt 
f %h'e vy :of e armorie tht iS to be 
in :the ]ïg. hfle he Closure  ïS in :i:ts 
posïtion, the handte W is movefl fo the gh, 
5 cig it to bear upon pin Q, thus moçig 
manrel K2  the rig.ht against the actibn of 
spring 8. e armature may then be pla 
between the mandrels with the cene's of the 
oènds of the armature shaft in engèmënt 
10 Wtth the man'l poinçs. Upon leasg handle 
W, spring 9 ill urge mandrel K2 ward :the 
leIt, ths holding the sha  prop" altgt 
bëtèen the two mandrels. 
en the Closure :is lowered, dise _] 
15 counrclockwise, permitting the brushes 
more inwardIy untiI they corne .in conter- h 
the :commutt-or of he ate. 
 gwitch 67-, aZthed to base .D, opens ,nd 
cluses one of the circui (lar to be 
20 tht ïndirectly splies power  the rushes. 
Insmuch as this switCh ïs .norma-y open, e 
current is always off when the closùre  
raised. en the closure is lowered, if :engages 
operating eemember 8 "0f swch , th ,ener- 
S giZlng the brushes. OEn the Closed position,-e 
lid H :proteets the .ertor .from the -gh v0tt- 
ages, but he nevertheless bas easy ccess fo 
end of the armature .nearest to post.B,  which 
is attached a support 0 on which he may test 
30 hls left hand whfle slowly turning the 
in order proper to conduct the tes laZer 
be-described; and hemy wgeh what he is doing 
through the windoW  in-the closure. 
Knob , carryg an indar .$, is .eyed to 
35 shaft 2,-on e -other end of-which .is moted 
a dise, or double eccentric, . o Hn,  
and , are pivoted fo this dise atpoints dislsced 
from the tenir, and the opposite en of these 
links .are pivoted respectively fo the arcuate 
40 mbers 2 and 26. If wfll be;observedhat-this 
mechanism, upon rotation of ob , mes 
brushes  and $ both'closer to, or fther fmm, 
the brushes carried by arm . This adjusts 
the .ushes  and  so that they will.be prop- 
4 erly positioned for the number of seents in 
the commutator of the pa-rticular armature 
under test, as indicated on scale  with wch 
the poter  cooperates. e nature of :fhe 
adustment thus made .will be more fully dis- 
0 cussed in connection with the circuits. 
e jig is cònnecd fo an instrumentation 
network, one form of"which is illustrated in :Pig. 
. I obtain the voltages to operate .the system 
from a 40O0 cycle oscfllator and power amplffier 
5 hgvg a conventtenal power.supply. is alter- 
natg crenZ source 8 is indicad  the left 
portion of the figure. Conductors 8 and82 are 
coected fo this current source. Resisrs 
R and  are connected  series across .these 
60 conductors in the manner shown, R being 
variable :resiStor or.pontiometer hag. slider 
4 which-may 'be adjusted for zero pofential  
mnner luter fo be .described. ese-ree r 
si-0rs.form one :arm of an alternatt current 
 bldge. The _three.pole, double-throw switch $2 
is :used for connecttng inç0 the circuit .the im- 
:peanceshat are to form 'the secend--of the 
bridge. Blades 86 and 88 are respectively con- 
nèCd':c-onductors   nd-82 by wires:  
70 reSpecttvely. en these blades re on the up- 
per c-onc -8 and 8, connection :is mae :by 
wires 92 and  fo the power brushes "and 
Sho ai :the :right .in the electricl dtagramand 
prëviously:referred fo :conneCtion 
:T ese:brUeS:'ber fhesa .referen-oe:numer«ls 
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as in Fig. 1. The coils on the two sides of tre 
armature 9! (that is, on opposite sides of tre 
power brnshes) are in parallel. Otherwise 
stated, inductance Z! and Z2 are in parallel with 
inductance Z4. These impedances, connected 
across conductors 81 and 82 by switch S-, form 
tre second arm of the bridge. 
When the three-pole double-throw switch $2 
is in tre position described, blade 94 wfll be on 
pole 95, thus connecting brush 47 and wire 96 to 
conductor 97. When switch SI is closed, tre 
balance arm of tre bridge then consists of brush 
47, conductor 98, blade 94, conductor 97, switch 
SI, conductor 99, tre primary of transformer TI, 
and conductors 109, 101 and 102, the latter con- 
necting fo tre wiper 84 of tre variable resistor 
1%3. When the impedances Z I and Z2 are equal 
respectively to the irnpedance offered by tre re- 
sistances in the first arm on opposite sides of the 
wiper 94, there will of course be no current in 
tre balance arm of tre bridge and transformer T I 
wfll hot be energized. If the impedances in tre 
second arm of the bridge do hot balance the cor- 
responding irnpedances in tre first arm, current 
will flow in one direction or other through tre 
balance arm. Tre resulting current in the pri- 
mary of transformer TI will produce a voltage 
in the secondary, thus placing opposite potentials 
on tre grids of triodes VI and V2. These two 
triodes rectify tre current in two circuits con- 
nected in parallel across tre main conductors 81 
and 8-. Tre first circuit includes tre triode VI, 
a fllter which comprises choke T3 and condenser 
C3, and the resistors I%7 and I%8; and the second 
circuit includes triode V2, the filter consisting of 
choke T4 and condenser C4, and the resistors R! 0 
and R! l. These circuits might te considered the 
flrst and second arms of a second bridge. 
Because of the high inductance of the chokes 
T3 and T4, very litle current fiows through them. 
I therefore connect diode V4. from conductor  
to a point between choke T and triode V, these 
valves being arranged se that their dr'ocrions of 
conductivity are opposed. As a result, the energy 
stored in choke T passes through diode V4 dur- 
ing tre half-cycle when triode VI is non-conduc- 
tive. This current reaches point 183 through 
resistor 19. In tre second arm of the second 
bridge, diode V6 is connected across choke T4 and 
condenser C4, the connection on one side being 
ruade direct fo the main conductor 52This 
diode is conductive on tre half cycle when triode 
V2 is non-conductive, and, like diode V4, it per- 
mits the energy in its associated choke to be dis- 
charged around the choke and through resistor 
PII and part of resistor 1 to slider 123. 
Dlodes, rather than condensers, are emploFed to 
bypass these chokes, because we are dealing with 
an integration of the entire half cycle wave in- 
stead of mere]F with tre peak, as would be tre 
case if condensers were used instead of valves. 
lesistor 19, the zero-center D. C. galvanometer 
lf, and resistor R 12 form tre balance arm of this 
second bridge, and slider 1-3 is adjusted so that 
there is no current in either direction tln'ough 
the meter when transformer TI is hot energized 
that is, when there is no current through tJae 
balance arm of tre first bridge, lesistor 112 is 
variable to provide a compensation adjustment 
for tre A. C. voltage applied to tre network, and 
permits the meter M to function properly irre- 
spective of tre applied voltage. Resistor ll- is 
shunted by condenser 124 to eliminate spurious 
A. C. pickup in the wiring oï tre various compo- 
nents, Tre use o diode V and V6, rather than 

8 
condensers, enables the galvanometer M fo re- 
spond fo a condition more nearly approaching 
the average voltage of tre half cycle than would 
be tre case if condensers were employed, 
5 The remainder of the network will te beter 
understood if we first explain the functioning of 
the circuits and components already mentioned. 
Let us suppose that we throw the three-pole, 
double-throw switch so that blades 86, 94 and 
10 respectively engage contacts 125, 120 and 
and that these contacts rave been connected to 
impedances Z I' and Z2' whose values are fo te 
compared. These impedances now form tre sec- 
ond arm of the first bridge previously described, 
 and tre balance arm consists of conductor 
contact 126, blade 94, conductors 97 and 99, 
switch SI, conducter 99, the primary of trans- 
former TI, and conductors 109, Il and |02. If 
the voltage drop across each of the impedances 
20 ZI' and Z2' is equal respectively to tre voltage 
drop across resistors R and 14, there wfll of 
course be no current through transformer TI and 
the grids of tre triodes VI and V2 Wfll have tre 
same potential; but if impedances Z I' and Z2' are 
25 not of equal value, the phase of the current flow- 
ing through tre primary of transformer TI will 
depend upon which impedance is tre greater. 
The grids of the triodes wfll thus rave opposite 
potentials whose difference will vary with tre 
30 extent of variation in tre values of tre imped- 
ances Z I' and Z2'. This will result in tre pres- 
once of unequal D. C. voltages on condensers C$ 
and C4 and at point 19 and wiper 125i tre rela- 
tive polarity of which will be indicated on meter 
35 OE in the balance arm of tre second bridge. 
If either impedance ZI' or Z-' is very much 
greater than tre other, or if a short occurs across 
one of tre two elements in this second arm of the 
first bridge, tre resulting difference of poten- 
0 tial on the grids of tre triodes might be great 
enough to produce a sulïïciently excessive current 
through the meter M to injure tre meter move- 
ment. Biased diodes V5 and VT, connected in 
reverse parallel across the meter and resister 
!5 provide a means for preventing such injury and 
also afford a means whereby a given angular 
movement of the galvanometer needle near tre 
zero conter of tre galvanometer scale wfll repre- 
sent a smaller current variation than tre same 
5o anguiar movement near the outer ends of the 
scale. Diodes V. and V7 are biased respectively 
by batteries 19 and 159, either or both of which 
could equally well te piaced on the opposite side 
of the associated diode, ihen the IR drop 
55 through tre resistor 1 and the meter M exceeds 
the algebraic sure of tre bias voltage and the 
cathode emission voltage of tre diode V5 or 
whichever is of correct polarity, a portion of tre 
current flowing through resistor 112 is bypassed 
0 around the meter, thereby changing its sensitivity 
as an indicator of tre total current flowing 
through this resistor. Tre bias voltages may be 
adjusted so that tre sensitivity changes at any 
desired point. In the flrst model buflt, this was 
65 adjusted so that 50% of the scale on either side 
of zero represented a 15 % unbalance in the im- 
pedances under test, whfle tre remaining 85% 
of a 100% unbalance was represented by tre re- 
mainder of tre two sides of the scale. The biased 
î0 diodes thus conduct a small amount of a weak 
current but carry tre greater portion of a strong 
current. 
Diodes V4 and V7 are encased in the same en- 
velope and diodes V5 and V6 in another. The 
75 reason for thts wtll te apparent if we exarnine 



the situatiçn tha would Irevail if the filament 
.filaent for ode V, fbelë(bun' L CWrt thmugh the circuit o Whibh it isa part 
wqï# .ç materiaiiy reduced, bëcase the 
ç of qçke T3/wod perml very Ii¢ .cr- 
et tGpass through.  wod unbalance the 
bridë,  résumïi ucïent ént trsuh 
Sïsi¢ Ri  t0injure-thë .mvement Of 
prçtçt it. since bçh te OEodes tha t çe the 
sae çveoe hve  cçmmon fllent, 
njqry t the ga!vanper wÇu!d tbus 
if di0de VS had the same filament as diode V. 
If diodes V4 and VL hwever, re  
ên¢i0e, n0 hrful siaiio can arise:ecàse 
te ïoS" ç thei comm0n' fi!ment màRe" dïe 
ï ççConddt; t maï ie  p,eutïïo 
!qw Çt point I tt n9 outrent wu! 
Çough the galvanometer system i the direç- 
9ç we in indidua envelopes: the ls 
either OEode VS or. V would leave the glyanom 
êër ith. Pr0ection ïom éxëSSivere 
i0ne dtib: but heh ech 0f thëse OEddes 
iÇ p.are in a commç enyeloe with the di0de 
t p te SmB!tanç los of bçh 
a0 t¢ excçsve .çBçrents  Whiç h th e bied 
OEe of çhe pa WU ornçfiy resppd. 
W9  matBr. in te ig, pb 
ç ¢ors b aduted ç that !ngiçat0r   qn 
ç lie bearg the .numeral corresponding tp 
 b  See  »te comt, as 
ereinbefore elined. en the armature is 
hrushes will hen each b on a single segment, as 
brus and bres #2 and . The 
i hr  tha ittréé bïdë are  
ai ëgr aero er,'ihdiaidg a 
metei regg gn e bsêré'd ino-sho}t 
 prevent.t. " is ubgtàffë w6M bL thç shdrting of g b0ïi gïïgRë çaê hëëVë 
ene fthe ower brhesiS la' c0it 
bruhës s0rtëd ai exdd{y {hë sàmêin{gnt: 
loss ofte pedance 0f ffe biï n be side 
mpedance of another cofl on the oposite side. 
Manc{ing ig¢criës, however: P}veRt i- 
ltaneous cdmmuation r0m "0ccur'th 
scient relarity for such neutigion 
depende UPon: 
means for uppressing al1 di¢ation of any ïm- 
balace w{.1Ç eiçher0r t" mSès aré ové a 
eommutator slot. As indiCg{ed"in g. Ç brhés 
42 ad 4 arêo arranged thàt'theY afWondC- 
*erèntsegmeh when 'dmmut£ii6h i0cçurrig 
af thé poer brhés M nd ï Bshé 42 gnd 
4 are thus in circuit with onë o* the arma{ure 
coils dung this terval, and the voltage {ha{ tey 
pick u Ç ççanserre tCthe-pr,a Of 

er T2 through conduct6rs 131 and 132 to .which 
th bnïië areàtacïéd. This voltage is trgns- 
fïed: '"high Voltage by trformT d 
èCtiflëd by OEê v. since 0ne end0f the sëd 
5 0ndry oï'taormer T2 connected t0 the 
mid,nt of the secondary of transformer Ti, 
a hih negàivè bi is consequentlY giron to the 
gris o tides V and V2,  th suppresSing afiy 
¢urrent to the meteing circuit, with theresùït 
lO ht. hega!van6er gives no oEcato n 
g çhe çoutati0n period. e commutator 
@Y teçcforç, be slowly otad and thè gaï: 
vanomer 11 regisç only thosebaïa 
tht rë Proent when the bshesand thë 
15 ta sémën eïn such reltië 0ï- 
o :g th6së filustrad in Pig.  ' 
:ïçis o{ v}ac{ia o aempt to avoid the shor,tr 
ingoï c6iis b {hO brushes M and auring . 
mutatio by consrucing these bmshe lie 
20 bshes 2 ànd . 8ince the power is"sUppiied 
" by"bhe g4and a estruc{ive sParking-w'ïd 
occur if the gfe-edge Construction wç 
and hd kne edge cod no be 'mainaed. 
Even ff'this construction dould be usedto 
2 sh0rtlng by he .power bmsêS, i c0ui 
used for yet another rdason. While passg Over 
hë non,codu6g-gp bèween 
wold bê itervals when e conducing 
the brush would make contact with eiher 
o ment,  nd an open circui Wuld hus 
by he galvnomer. 
e Condenser C, connected acro,s ¢onducrs 
8 and 2, isPr0ided to c0mmàe ,6r 
ductive load Of the armature colis or other 
a5 vedán¢esunder et, thUs minaing 
tance iag andeflCing g uniy power fato; 
o hh ..........  ...... ' 
alternaing current source. 
A Cab'aing network, shown 'a the exreme 
righ 0f Fig. 7 ]s providéd 0 *amtate he de- 
40 matï6n 6 te Rlrngting curr4n{ mid t{l 
referrèd o" siidë 8 or the dirêc Current raid 
Vçëfitial £t p0ït  and a tè Slider 
vlu n minus 10% unbglan¢e tap 'is also pro- 
déd'chèdk' thë'calibraio 6f the SVeial sie 
45 aodia{e"{b"glvanomeer .  cglibig- 
ing network is conrolied by a'threevp01e; 
Wy Wth SS: when theblades oïtfiiS sdh 
ae' on të as 10catedurthest t0 the leï: :e 
calibting or"iS entirely out of the ir.ct. 
5o ' ë cèntë bïdê 0r Wiper  'of SwitcSï 
coecèdtb" cSucor i  Whih 
ïsn wïtbhêehdof the blànce grm:5 he 
55 itS ë0nd"P8iG6n fiera the left, blgdè 
gggç cntaçt :I$S thus gMg eiect}gl 
tion with conductor l a which connects wth'ïe 
Positë  en-d 6ï {he balance arm, thU S0}tg 
{hè primg oïramfomér Ti. is rém09es {e 
o P0S{b*{:{  ïtève being any unèqual ce 
through the {oes and-pemi t5e aiVanOêr 
M fo be adjusd fo zero position With resçect fo 
{he".D['C.' bidge new0rk in the fui1 assnrne 
that 0 curvep} is Passing through R. 
65 en switch 8$ is  ifs central p0ii0p 
the blades of switch 82 are out of .engagement 
{h theïr respective Contac,it wfii:ê Ciear 
tht rçs!stors l, gll, RIS an.d RI9 OErç Cg- 
nected to form the second rm o the IternMag 
70 uréhi sriè 0sconducors 8 land ,8ï.' e 
ëçtos I an R of couse form 0e et 
o è rm d"resistors I$ nd Rlï hg o. 
e coCtn ,th£ stch $3 thus mkes, en- 
bies ie djdsme o wper 8 tobe 



When the swltch S ls in iti fourth position 
from the left, resisor RI will be alone on one 
.side of the balance arm, and the impedance of 
resistor R|7 will be added fo the other-side. The 
value of reslstor 1| 7 is such that this shift creates 
'a 10% unbalance in one direction, thus enabling 
the operator to check the calibration of the dial 
of galvanometer M. When switch $4 ls in ifs fifth 
position from the left, which is also the extreme 
position fo the right, R|9 wfll be alone on one 
.side of the balance alun and he impedance of re- 
sistor.R| 8 will be added fo the side opposite that 
on which it normally belongs. This creates a 10% 
unbalance in the direction opposite from that 
created when the switch is in ifs fourth position, 
and the calibration of the galvanometer dial may 
thus be chçcked on the side opposite the one pre- 
vlously checked. 
As set forth in the objects, the jig and instru- 
mentation network herein described may be used 
for a variety of tests. Let us consider how various 
armature faults are indicated by portions of the 
jig and instrumentation network that bave al- 
ready been described. 
The armature is placed in the jig in the manner 
previously described, and the lowering of the clo- 
sure H causes the brushes to make contact with 
the commutator and closes the switch 67, causing 
the power brushes fo receive their respective po- 
renflais. If dial 7| bas been properly adjusted fo 
bring he indicator 73 into alignment with the 
number on the scale 77 that corresponds fo the 
number of segments on the commutator, there 
will be the same number of commutator gaps in 
the quadrant between the power brush 38 and the 
two brushes 4 and 47 that there are in the 
quadrant between the power brush 3 and the 
brushe 4 and 47. These quadrants wfll herein- 
after be referred fo as the flrst and second quad- 
rants respectively. If the number of commutator 
segments is a multiple of four, the adjustment of 
dial 7| wfll dispose the power brushes diametri- 
cally opposie each other, both equally distant 
from a line mldway between the brushes 42 and 
47. This condition is fllustrated in Fig. 1. When 
the number of commutator segments is hot a mul- 
tiple of four, it wfll readily be understood that 
the power brushes carmot be disposed exactly 180 
degrees apart and still keep the same number of 
commutator gaps in the first and second quad- 
rants in order that the same number oï cofls 
might be in circuit fo form the two elements of 
the bridge arm. The power brushes must there- 
fore both be moved closer fo or further from the 
center brushes 4 and 47; but whatever the hum- 
ber of commutator segments may be, the proper 
adjustment of dial 71 wfll arrange the brushes 34 
and 3§ so that there witl be the same number of 
commutator gaps in the first and second quad- 
rants. As a consequence, the same number of 
armature cofls will be in circuit in these two 
quadrants, previding there are no electrical or 
mechanical defects in the armature. Such de- 
fects are among those automatically indicated by 
the device. 
If the galvanometer  shows no appreciable 
deflection from the zero center as the operator 
rotates the armature with his left hand (leaving 
. his right hand free %0 operate the various con- 
trols), the impedances Z and Z |, Fig. 7, corre- 
sponding %0 the coils in the flrst and second quad- 
rants respectively, are substantially equal. If the 
galvanometer shows a material deflection in either 
direction, the trouble may be an open, shorted or 
reversed coil, a transposed connection, an exces- 
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sire winding errorl a non-symmetrical commuta- 
tor or defective insulation. 
An open coil will cause the balance indicator 
 to deflect 100% fo the right-hand side during 
5 the time the open cofl remains in the first quad- 
rant unless the open wire is arcing over, in which 
case the location wfll be self-evident. When the 
open coil moves to the second quadrant, the gsl- 
vanometer will immedlately shift to a 100% left- 
10 hand deflection. Consequently, the exact coil 
which bas the open circuit can be located bY ob- 
serving which commutator bar passes the bal- 
ance brush when the deflection reverses its di- 
rection. 
15 Inasmuch as the device is powered by high- 
ïrequency A. C., a shorted turn will act as a trans- 
former with a short-circuited secondary which 
reflects a low impedance into the primary. In 
the analysis, this impedance wfll generally repre- 
2O sent an unbalance of between 50% and t00%, and 
the indicator will deflect to the left when the 
short is in the flrst quadrant and shift fo the 
right when the short transfers to the second quad- 
rant. The exact cofl having the error is there- 
25 by located. 
The impedance effect of one reversed coil in an 
armature is the equivalent of the omission of two 
cofls, inasmuch as the flux of the reversed coil 
cancels the flux of an adjacent coil. Consequent- 
30 ly, if the operator were testing a 32-coil arma- 
ture which had one coil reversed, the impedance 
of the quadrant in which it happoned to be posi- 
tioned would be the impedance of only 6 oeils, 
whereas the impedance of the other quadrant 
35 would be that of 8 cofls. It may be noted that 
almost all reverses of a single coil will reflect an 
unbalance somewhere between approximately 
20% and 50%. The reversed coil may be located 
as it moves from one quadrant fo the other. 
40 If two pairs of wires in a continuously wound 
armature bave been reversed, one coil will be 
added or subtracted from the flrst quadrant as 
one of the commutator bars connected to the 
transposed wires contacts brush 3§, and as the 
45 second bar connected fo the transposed wires 
contacts this brush, the opposite condition is in- 
dicated. After the two segments bave cleared 
brush 3S, no further effect will be noticed untfl 
the saine bars cross the balance brush 47. The 
50 effect then wfll be that of flrst adding one coil 
to one quadrant and subtracting it from the other, 
and then to reverse this condition with the next 
commutator bar. After the two segments bave 
cleared the balance brush, no unbalance will 
5 again be noted until the two segments cause the 
same defiection flrst in one direction and then 
in the other as they Pass under brush 34 and 
leave the second quadrant. It will thus be noted 
that for each revolution of the armature, three 
60 positions will be found at which the balance in- 
dicator deflects first in one direction and then 
in the other. Ail three of these will take place 
in the first and second quadrant, and none will 
occur elsewhere. 
65 To determine errors in the number of turns 
wound into the cofls of the armature, the instru- 
ment is especially provided with high sensitivity 
in the region immediately adjacent fo, and on 
both sides of, the center zero. Itis possible to 
70 read an impedance unbalance of one-half of one 
per cent. However, it is not normally deemed 
necessary to reject colis for less than 4 to 10% 
unbalance. 
If the commutator on the armature is non- 
75 symmetrical to the extent that the distance be- 
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tween one of the porter brushes and the balance 
brush varies more than the distance between the 
balance brush and the commutation suppression 
brush, there will be a deflection of the galvanom- 
eter a each point of commutation of a power 
,brush from one segment fo the next. However, 
this dancing deflection will continue to be in one 
 direction as the armature is roated ïrom bar to 
bar» then the deflection will cease for about one 
quarter of a revolution and will begin again in 
the opposite direction. ehere will be no imiedi- 
are change in the direction of deflection as a 
slngle commutator bar passes ïrom one quadrant 
to the other. The distance between the balance 
brush 47 and the commutation suppression brush 
42 may be adjusted fo make the instrument give 
these indications of non-symmetry for any 
amount below one-half the width oï a commu- 
tator bar. 
The portion of the network in the upper left 
hand corner of Fig. 7, affords the means ïor a 
very sensitive insulation test. VChen switch 
is turned so that the center blade °4 is on con- 
tact 9§, the grid of triode VI2 is connected fo the 
.balance brush 47 through wires IS? and ?, blade 
94, contact  and wire 9. The armature shaft 
or frame s grounded .by means of the jig, as in- 
dicated in Fig. 7, and if will be noted that the 
negative side oï the B. C. voltage supply is also 
grounded. Resistors RI4 and RI are connected 
in series across the B. C. voltage supply wires, 
and the meter M2 and resistor RIS are con- 
nected in series between the cathode of tube 
zI2 and a point between resistors R and 
When there is an inflnite nsulation resistance 
between the frame.oï the armature and the oiis 
or commutator segments, the grid potential will 
be due solely fo the voltage drop across resistor 
lI. There wfll thus be a low voltage drop through 
the tube and a proportionately high voltage drop 
through resistor RIS and the meter, which con- 
sequently gives a ïull-scale deflection. If ther is 
a finite lnsulation resistance fo groud, the posi- 
tive potential on the grid of tube V  will drop, 
thereby increasing the resistance through the 
tube and decreasing the meter deflection. When 
such an indication occurs, the exact location of 
the insulation break-down can be determlned by 
opening switch SI, thus making connection 
through the ground and condenser CI fo the 
balance arm of the A, C. bridge. The deflection 
of the galvanometer /I will be ço the left if 
the grounded coil or segment is in the flrst quad- 
rant, and fo the right if it is in the second quad- 
rant. The direction of defiection will change as 
the grounded cofl or segment passes from one 
quadrant fo the other. 
When stators, fieIds or other such impedances 
are to be tested, the cofis may be compared by 
connecting one lead from one coil fo contact 
of switch S, connecting one lead from theother 
coil to contact 12 of this switch, connecting the 
other leads of the two cofls both fo contact 
and throwing the switch so that .these contacts 
are in circuit. Shorts, open circui and winding 
errors are then indicated by the galvanometer in 
the sme manner as for armature coils. 
If the cofls are connected in the fashion just 
described, the meters M and M2 wfll give the 
usual insutation and ground indications when 
the pairs under test are placed upon a grounded 
metal plate so that their frames or cotes make 
contact with the metal. 
The coils P t and P2, Fig, 7 which locate the 
neutral plane oï an armature, are disposed on 
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opposite sides of the power brush $, .and 
be adj.usted by meansof the structure shown iu 
Figs. 1, 2, 3 and-5, so that the points of their 
cores I-0§ and I O corne .intoclose proximity with 
5 the srmature core. Inasmuch as such armatur 
cores are of various diameters and vary in thir 
distances from the-commutator, provisions must 
be ruade for adjusting coils PI and 12 radially 
(that is, toward.or from the main axis of thejig) 
]0 as well as longitudinal!y. Other purposes, later 
to be explained, require that they also be .angu- 
Iarly adjustable. The structure that makes the 
radial, longitudinal and angular adjustments.pos- 
si'ole will now be explained. 
15 A short cYlindrical member 10, rotatably 
movuted in the central holes in members E .and 
, has a .flange 108 attached to the end inside 
the jig by screws 19. A relatively.large fiat ring 
IIB is similarly aflïxed to the opposite end .of 
20 member IB. A radial projection I11 intégral 
with ring I IB carries an axiaHy extending .bar 
112. A slotted member I15 is transve.rsely 
mounted on bar 112 in sUCh a manner that it 
may be moved radially and iixed, in adjusted 
o position by means oï screws 114. .@-block 
is rigidly attached to-the under side of the lower 
end of member II 3. This block is slotted fo 
ceive an axially movable bar I,I B, and a set screw 
I]7 serves fo hoId bar I1 in adjusted position. 
0 A bracket I I, is welded or otherwise rigidly 
tached fo bar I1. This bracket-I-I carries.the 
two cofls PI and P2 with their pointed .pole pieces 
] and IBB. These coils and pole pieces my 
be moved xially aIong the armaturebythe lorgi- 
;; tudinl:adjustment of member I.I B,.and they-maY 
be adjusted toward or away from the armature 
by means of bar--I.15 and the screws 114. 
Inasmuch :as the current in the armature,coils 
on opposite sides of brush  flow in opposite 
o directions, the magneti.c.flux cutting.cofls.p.I and 
P2 will also be in opposite directions and will 
therefore generate opposing currents in hese 
coils. Iï the flux is eq.ual through both coi1, the 
opposing currerts will neutralize eachother, with 
! the result that lamp I.9 will not light. Wher 
the coils are so adjusted with respect to the 
armature that the iamp does not light; the heu» 
tral plane Of the armature passes midway be-. 
tween the coils. If the armature bas the Pr0Per 
0 symmetry and the cofis are properly wound, he 
neutral pla.ne wiI1 pass through the power brush 
§. The location of the neutral plane, should 
therefore be determined with respect t0 this 
power brush, and either the calibrated .scale or 
5 the indicator mu_st consequently .be located on, 
or mov.able with, the aruat segment on. which 
the ,power brush is carriedthat is, segment 
In pracice, I place .the calibrated scale |0 on 
this segment and make the pointer | 21 integral 
60 with flange 18. The scale is.. so calibrated that 
when points I  and I  are equatly distant from 
power brush , the pointer will be on .zer.o. If 
the larnp I 9 lights when the pointer is so posl- 
tioned, ihe neutral plane is not in a symrnetri 
-- cal position. The actual position of the neutral 
plane may then be located by moving .hardle 
12, attached fo member Il , either clockwis or 
counter-cIockwise, until the lamp goes aut. The 
pointer Il will then indicate on scale 
ï0 l]umber of degrees tha.t the neutral Plane :bas 
shifted either fo the right or leÏt of ifs sFmmetri- 
cal position. 
An explanation of Fig. 9, which shows modi- 
fications applicable to the network oî Fg» 7, r- 
5 qltires that we examine certain phases of the 
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operaion of the said network. When the poten- 
riais on the grids of triodes V! and V2 (Fig. 7) 
are equal, due fo an absence of current through 
transformer TJ, if will readily be understood that 
an increase of voltage across conductors 8 ! and 
82 will result in an equal increase of current 
through the two triodes. In such a situation, the 
increase in supply voltage will therefore not un- 
balance the direct current bridge that includes 
the galvanometer M. But if there is an imbalance 
in the coils being tested, the resulting current 
through transformer T! will place unequal po- 
tentials on the grids of tubes V! and V2, and 
although these unequal grid potentials will of 
course not change in relative values when the 
supply voltge is increased, they will produce a 
greater variation in the current flowing through 
the two tubes at the increased voltage than af 
the lower. For a given percentage imbalance 
through the balance arm that includes the pri- 
mary of transformer TI, there will thus be a 
greater current through the galvanometer lI with 
a high supply voltage than with a low supply 
voltage. In the network as shown in Fig. 7, re- 
sistor RI 2 is ruade variable to compensate for the 
effects of such changes in the supply voltage. 
Fig. 9 shows an arrangement whereby these 
changes are automatically compensated for. This 
diagram shows the metering or balance arm of 
the second bridge--that is, the direct current 
bridge--and points !{}3 and slider 123 are those 
having the corresponding numbers in Fig. 7. In 
following the explanation of this circuit, if is fo 
be remembered that all parts of the network may 
be identical to those shown in Fig. q excepting for 
the changes shown in Fig. 9. The primary of 
transformer T5 is connected across the conductors 
8 ! and 52 carrying the A. C. voltage supply. An 
increase in this voltage inireases the voltages in 
the secondaries of this transformer, producing a 
correspondingly increased negative potential on 
the grids of triodes V8 and V9. This in turn 
increases the resistance through these tubes to 
compensate for the increase in supply voltage. 
When the current in the balance arm between 
point I{} and slider 12 is in one direction, if is 
conducted through one oï these tubes, and when 
it is in the opposite direction, if is conducted 
through te other. The four condensers shown 
asstst in iltering. 
Fig. 10 shows a modified network ïor accom- 
plishing the saine over-all polarized indication 
achieved by the network of Fig. . In this system, 
the ground lnsulation is indicated directly on the 
ohmmeter M2a. The A. C. balance arm is sub- 
stantially the saine as in the circuit oï Fig. 7, the 
prtmary of transïormer TI being connected from 
the balance brush 42 fo the A. C. midpoint 54, 
which is af the saine potential as the cathode 
and plate respectively of the rectiïying diodes Via 
and V2a. When there is no imblance current 
in the transformer TI, any current that may be 
flowing through diodes V4a and VSa and their 
associated resistors will be equal; but when the 
primary of TI impresses an imbalance current 
on the secondary, then the potentials on the 
plates of valves V4a and VSa will change in ac- 
cordance with the direction oï the imbalance 
current, and the current through these valves 
will also change accordingly. The cathodes of 
these tubes will bave potentàals that vary ac- 
cording to the respective voltages applied to the 
plates of these tubes and the direction and amount 
of deflection oï the indicator of galvanometer 
M la wtll correspond to the relative values of these 
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potentials, thus giving an indication of the im- 
balance of the two impedances under test. 
Fig. 11 shows another modified network em- 
bodying my invention and achieving the sain - 
5 over-all result as the networks of Figs. 7 and 10. 
In this circuit, the primary of transformer 
that carries the imbalance current is coupled in- 
ductively fo two secondaries l ! and ! 2, to which 
the grids of triodes Va and Va are connected. 
10 When there is no current in either direction 
through the primary of transformer TL there 
no difïerence of potential on these grids, but when 
transformer T! is energized by an imbalance 
current, the grid potentials change according to 
15 the direction and degree of imbalance. The re 
sulting change in resistance through tubes 
and Va changes the D. C. raid potential af point 
145, and current flows through the galvanometer 
ICI I b in accordance with the direction and strength 
20 of the imbalancè current, thus giving a visual 
indication on the scale of the imbalance of the 
impedances under test. 
My invention rnay be embodied in many oher 
forms, the ig and networks shown being only 
25 representative embodiment. Various modifica- 
tions, omissions, additions and transpositions 
may be ruade from the i11ustrative embodiments 
shown and described without departing from the 
broad spirit of my invention as set forth in the 
30 appended claires. 
y claires are: 
1. In a device for comparing impedances, a 
combination including: first and second conduc- 
tors connected to an alte]ïating current source; 
35 impedances connected across said conductors for 
forming a first branch of a Wheatstone type 
bridge; means whereby two impedances that are 
fo be compared may be connected in sertes so 
that the said two impedances form the two ratio 
0 arms of a second branch of said bridge; an elec- 
trical path from a point intermediate the said 
two impedances to a predetermined reference 
point in said first branch; and a polarized, alter- 
nating current galvanometer system comprising 
45 (a) first and second branches of a second Wheat- 
stone type bridge connected across said conduc- 
tors, each of said branches of said second bridge 
comprising a çn'st arm iniluding a triode and a 
filtering system and a second arm comprising a 
5o resistor, (b) a pola.rized direct current galvanom- 
eter having one side connected to a point between 
the arms of one branch of said second bridge and 
the conjugate point of the other branch of said 
second bridge, and (c) means responsive to  volt- 
55 age imbalance across said electricaI path for 
impressing opposite voltages upon the grids of 
said triodes to tender the first arms of the two 
branches of said second bridge unequally conduc- 
tire, thereby causing the galvanometer to indi- 
0 cate the magnitude and direction of said voltage 
imbalance across said electrical path. 
2. In a device for comparing impedances, 
combination iniluding: an alternating current 
source; impedances cormected across said source 
65 to form a first branch of a first Wheatstone type 
bridge; means whereby the two impedances that 
are fo be compared may be connected in series 
across said source fo ïorm the ratio arms oï a 
second branch of said first bridge; an electrical 
7O path ïrom a point intermediate the said ratio 
arms and a predetermined reïerence point in sald 
first branch; a second Wheatstone type bridge 
each branch of which bas a first arm comprising 
a triode and a filtering system and a second arm 
75 comprising a resistor, the balance arm of said sec- 
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ond bridge comprising a polarized direct current 
galvanometer; two electronic rectifiers connected 
across said galvanometer so that they are con- 
ductive in opposite directions; means for biasing 
said rectifiers so that equal increments near the 
zero center of the galvanometer scale represent 
smaH current variations and equal increments 
remote from said zero center represent relatively 
large current variations; and means responsive 
to a voltage imbalance across said electrical path 
for impressing opposite voltages upon the grids 
of said triodes to tender the first arms of the two 
branches of said second bridge unequal]y conduc- 
rive, thereby causing the galvanometer to indi- 
cate the magnitude and direction of said voltage 
imba]ance across said electrical path. 
3. In a device for comparing impedances, a 
combination including: an alternating current 
source; impedances connected across said source 
fo form a first branch of a Wheatstone type alter- 
nating current bridge means whereby two im- 
pedances that are to be compared may be con- 
nected in series to form respectively the two ratio 
arms of the second branch of said alternating 
current bridge; an electrical path from a prede- 
termined reference point in the first branch of 
said bridge and a point intermediate the said 
ratio arms; a Wheatstone type direct current 
bridge, each branch of said bridge having (1) a 
first arm comprising («) a triode and (b) a filter- 
ing system that includes an impedance and a 
diode, said diode so arranged with respect to said 
triode that the energy stored in the choke will 
pass through the diode during the ha]f-cycle 
when the triodeis non-conductive, and (2) a sec- 
ond arm comprising a resistor; the balance arm 
of said direct current bridge comprising a polar- 
ized galvanometer; ,and means responsive to a 
voltage imbalance across said electrical path for 
impressing opposite voltages upon the grids of 
said triodes to tender the first arms of the two 
branches of said direct current bridge unequally 
conductive, thereby causing the galvanometer to 
indicate the magnitude and direction of said volt- 
age imbalance across said electrical path. 
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4. In a device for comparing impedances, a 
combination including: an alternating current 
source; a Wheatstone type alternating current 
bridge connected across said source; means 
5 whereby two impedances that are to be compared 
may be connected in series to form respectively 
the two ratio arms of one branch of said alter- 
nating cuïrent bridge; a transformer having 
primary connected so as to form the balance arm 
10 of said alternating current bridge; a Wheatstone- 
type direct current bridge connected across said 
source, said direct-current bridge having a triode 
in corresponding arms of each of its branches; 
the balance arm of said direct current bridge 
15 comprising a polarized galvanometer; the sec- 
ondary of said transformer connected to the grids 
of said triodes, said secondary acting in response 
fo a voltage imbalance in said primary to impress 
opposite voltages upon the grids of said triodes 
20 to tender said corresponding .arms unequally con- 
ductive, thereby causing the galvanometer to 
indicate the magnitude and direction of the volt- 
age imbalance in said primary. 
DELBERT J. WARD. 
25 
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